Summary
The Capsaicin is the major pungent principle in various species of Capsicum fruits such as hot chilli peppers and has long been globally used as an ingredient of spices, preservatives and medicines (1).
The physiological effects of capsaicin have been ex tensively reviewed in previous animal studies. It (16) (17) (18) . The frequencies much lower than 0.1Hz have been thought to reflect ther moregulatory fluctuations in vasomotor tone (19, 20) .
We have recently demonstrated that very low (VLO) fre quency components (0.007-0.035Hz) were selectively increased against thermogenic perturbation such as acute cold exposure and mixed-food ingestion (21, 22) . This finding suggests the possibility of evaluating the SNS activities associated with energy metabolic regula tion by means of HRV spectral analysis in humans.
Although disagreement still exists regarding the rest ing level of the SNS activity, reduced sympathetic re sponse to external physiological stimulation such as glucose ingestion has been found in the obese popula tion (23) (24) (25) . Because of its strong sympatho-thermo genic effect, investigating capsaicin-induced SNS activ ity and metabolic change may provide further informa tion as to the sympathetic abnormality in human obe sity. To the best of our knowledge, however, no data re garding the physiological effects of capsaicin in obese individuals are currently available.
Therefore, the aim of the present study was to evalu ate thermogenic sympathetic function in response to capsaicin-containing spicy food by means of HRV power spectral analysis, as well as to investigate the magni tude of diet-induced thermogenesis in age and height matched lean and obese young women.
METHODS
Subjects. Eight lean and eight obese young women volunteered to participate in this study. The two groups were matched in age and height. The percentage of body fat and lean body mass was determined by means of dual-energy X-ray absorptiometry (Hologic ODR= 1000). Descriptive characteristics of the subjects are presented in Table 1 .
The study protocol was approved by the Committee on Ethics of Kyoto University Graduate School. All sub jects were carefully instructed about the study and all gave their written informed consent to participate in the study. The subjects completed a standardized health questionnaire for past medical history, medication, lifestyle, diet, smoking habits, alcohol consumption, and physical activity. The subjects were non-smokers in good health and had no personal or family history of di abetes mellitus, cardiovascular disease, or other meta bolic diseases. All subjects were weight stable at the time of the study with no more than a two-kg weight loss or gain over the six months before the study. Each subject was instructed to avoid any food or beverages containing alcohol or caffeine after 9:00 p. m. of the day preceding the study.
Experimental procedure. Subjects came to the labo ratory at 9:00 a. m., and all experiments were per quentially to obtain equally-spaced samples with an ef fective sampling frequency of 2Hz (29) and displayed on a computer screen for visual inspection. Then, the DC component and trend were completely eliminated by digital filtering for the band-pass between 0.007 and 0.5Hz. The high-pass filtering at 0.007Hz was chosen to include the frequency components associated with thermogenic functions of the autonomic nervous sys tem (ANS) (21, 22) . The root mean square value of R-R interval was calculated as representing the average am plitude. After passing through the Hamming-type data window, power spectral analysis by means of a fast Fourier transform was then performed on consecutive 512-s time series of R-R interval data obtained during the test. To evaluate ANS activity in each subject of the present study, we analyzed very low frequency (0.007 -0.035Hz, VLO), low frequency (0.035-0.15Hz, LO), high vagal component (0.15-0.5Hz, HI) and total power (0.007-0.5Hz, TOTAL) by integrating the spec trum for the respective band width. Since our previous studies (21, 22) have shown that VLO frequency com ponent reflects the SNS activity related to energy meta bolic regulation, we defined VLO and VLO divided by TOTAL (VLO/TOTAL) as the absolute and relative ther mogenic SNS activities, respectively (21) . The mean heart rate of each 512-s segment was also calculated together with standard deviation. It has been shown that physiological factors such as age might influence HRV (30) . No significant difference was, however, found in physical characteristics or clini cal features between the lean and obese groups, except for body weight and body fat content, which are associ ated with an obese state. Thus, the components of HRV spectral analysis were not normalized with any of the physiological parameters in the present study. rapid and marked increase in adrenal sympathetic nerve activity followed by the significant increase in ad renal epinephrine secretion. Oxygen consumption began to increase almost immediately after the rats had been injected with capsaicin and reached the maximal level within 20-30 min (3). In humans, Henry and Emery (35) reported that spiced food containing chilli and mustard sauces caused a 44% increase in the en ergy expenditure 15min after the meal. According to a recent study of Lim et al. (28) , both catecholamine con centration and energy expenditure increased 30min after non-obese healthy young males had taken a meal with 10g of hot red pepper. Thus, these findings includ ing our data confirm that capsaicin has a strong acute sympatho-thermogenic effect on non-obese individuals.
In contrast, this effect of capsaicin was not detected in the obese young women in the present study: ther mogenic SNS activity as well as its responsiveness after the capsaicin diet was markedly reduced in the obese subjects despite the similar level of ANS activity of the lean subjects at rest. Concerning energy expenditure after the meal, no significant increase was found in the obese group although lean body mass was almost iden tical to that in the control group.
It has been shown that neonatal (5) and adult (33) capsaicin pretreatment inhibited capsaicin-induced ad renal catecholamine secretion in anesthetized rats. According to the results of the health questionnaire, however, our subjects did not have a long-term dietary history of eating spices such as chilli or hot red peppers. Prior to participation in this study, some of them re ported a strong distaste for extremely spicy foods, pre ferring instead, mildly spicy food. Thus, we assume that daily dietary habit or taste sensitivity to capsaicin did not affect the data obtained in the present investigation.
Reduced sympathetic response to food ingestion has been reported in previous studies. Bazelmans et al. (23) reported a decreased stimulation of norepinephrine ap pearance in obese subjects in response to overfeeding. Spraul et al. (25) have also found a negative correlation between the percentage of body fat and the increase in the muscle sympathetic nerve activity (MSNA) in re sponse to glucose ingestion while fasting; MSNA corre lated positively with body fat. A previous study of Paolisso et al. (24) using HRV spectral analysis has shown that the rise in the sympathetic nerve activity after glucose ingestion negatively correlated with body fat content, whereas it positively correlated with glu cose-induced thermogenesis and glucose uptake. Recent research in our laboratory (22) has demon strated that the VLO frequency component of HRV was markedly reduced in obese young women after mixed food ingestion. The methodology such as experimental designs, selection of subjects and measurements for ANS are not always the same as that used in the present study; however, our findings support these previous in vestigations and reinforce the finding that the altered specific sympathetic function related to thermogenic ca pacity may be a significant sign reflecting the auto nomic state in human obesity. 
